Background: Nutrition risk screening for community-living seniors is of great interest in the health arena. However, to be useful, nutrition risk indices need to be valid and reliable. The following three studies describe construct validation, test-retest and interrater reliability of SCREEN II. Methods: Study (1) seniors were recruited from the general community and from a geriatrician's clinic to complete a nutritional assessment and SCREEN II. 193 older adults provided medical and nutritional history, 3 days of dietary recall and anthropometric measurements. A dietitian reviewed all information collected and ranked seniors on risk: 1 (low) to 10 (high risk). Receiver operating characteristic curves were completed. An abbreviated SCREEN II was developed through statistical analysis and expert ranking of the 17 items. Studies (2) and (3) seniors were recruited from the community to self-administer (n ¼ 149) or be interviewed (n ¼ 97) using SCREEN II twice within 2 weeks. For self-administration one index was completed via mail. Interviewer administration was completed via telephone with two interviewers. Intra-class correlations were calculated. Results: (1) Total and abbreviated SCREEN II have increased sensitivity and specificity as compared to SCREEN I in identifying seniors at nutritional risk. (2) Test-retest reliability was adequate (intra-class correlation (ICC) ¼ 0.83). (3) Inter-rater reliability was adequate (ICC ¼ 0.83). Conclusions: SCREEN II appears to be a valid and reliable tool for the identification of risk for impaired nutritional states in community-living older adults, and is an improvement over SCREEN I.
Introduction
Seniors have an increased risk for impaired nutritional states (Sharkey & Schoenberg, 2002; Johnson, 2003; Visvanathan, 2003) , which can lead to increased morbidity and decreased quality of life (Keller & Østbye, 2003; Hickson & Frost, 2004; Keller et al, 2004; Sharkey et al, 2004) . Malnutrition can be broadly defined as 'a pathological state resulting from a relative or absolute deficiency or excess of one or more essential nutrients, this state being clinically manifested or detected only by biochemical, anthropometric or physiological tests (Jelliffe, 1966) .' This definition includes over-and undernutrition (Keller, 1993; Chia-Hui Chen et al, 2001 ) and demonstrates the complexity of assessing nutritional status (Chicago Dietetic Association, 2000) . Nutrition risk screening is defined as 'the process of identifying characteristics known to be associated with nutrition problems (p. 838) (Council on Practice Quality Management Committee, 1994) . Nutrition risk screening is viewed as an important health promotion endeavor for identifying those in the community who may have nutrition problems that are amenable to change (Finn and Wellman, 1993; Reuben et al, 1995; Edington, 1999) . To ensure that screening is ethical and that only the people truly at risk are identified, indices require high sensitivity, specificity, positive and negative predictive values (Rush, 1997; Keller et al, 2000) . SCREEN I (Seniors in the Community: Risk Evaluation for Eating and Nutrition) was initially developed for epidemiological research using self-or telephone administration in cognitively intact community-living seniors. The construct and predictive validity of SCREEN I and its test-retest reliability have been established (Keller et al, 2001 (Keller et al, , 2004 . Through research (Keller & McKenzie, 2003; Keller et al, Submitted, 2005) and practical use over the past few years, it became evident that SCREEN I could be improved. SCREEN II is a 17-item index, which includes two further weight questions (intention to change weight in past 6 months and perception of current weight) and omits the question concerning sufficiency of finances. The meal preparation question is now a two-step question, asking who prepares the meals and then the difficulty of preparing meals or the satisfaction level of the meals if prepared by others. Item scores continue to range from 0 to 4; however, not all questions have five response options as in SCREEN I. The total score ranges from 0 to 64. The three attributes of nutritional risk (Keller et al, 2000) of weight change (increase or decrease), food intake and risk factors for food intake are still represented. As with SCREEN I, experts and groups of seniors reviewed wording and intent of questions to ensure they had content validity (Keller et al, 2000) . This paper provides the results of construct validation, test-retest and inter-rater reliability of SCREEN II.
Methods

Study 1-construct validation
The assessment of nutritional status is complex and there is no definitive, objective measure to act as the gold standard criterion. Thus construct validation is appropriate (Gibson, 1990; Omran & Morely, 2000; Visvanathan, 2003) . In this study, construct validation involved comparing the index score to a dietitian's rating of nutritional risk based on medical and nutritional history, dietary intake and anthropometry.
Participants. Participants were recruited from the community in the Guelph area of Ontario. To ensure that a range of seniors were included, frailer seniors (n ¼ 61) were recruited at a geriatrician's clinic. Clinic staff identified patients who were eligible and asked them to participate. Consent forms, SCREEN II, weight and blood work (serum prealbumin, C-reactive protein, hematocrit, hemoglobin) were collected at the clinic visit. The senior's name and contact information were provided to the research dietitian who completed a demographic and medical questionnaire, anthropometry and a 24-h dietary recall in the person's home. Two telephone calls within the following week were completed to obtain further dietary recall data.
Additionally, community-living seniors (n ¼ 132) were recruited using newspaper ads, posters, invitational letters and displays at various community programs and clubs. Seniors interested in the project contacted the research dietitian by telephone and she determined eligibility. After explaining the study protocol to the senior, consent forms, SCREEN II and a demographic and health questionnaire were mailed to the participant. Seniors were provided an assessment appointment where anthropometry, physical measures and a 24-h dietary recall were completed. Participants were telephoned twice during the following week to collect two more days of dietary intake data. Participants were eligible for inclusion in the study if they were 55 y of age or older, lived in the community and had no cognitive impairment. The dietitian was blinded to SCREEN II results. Cognitive function was determined by Standardized Mini Mental State Exam (Folstein et al, 1975; Molloy et al, 1991; Molloy & Standish, 1997) . Those with scores greater than or equal to 26 for the geriatric clinic subgroup were considered eligible for inclusion in the study as they were deemed cognitively intact.
Data collection. A medical and nutritional history questionnaire was used to collect pertinent information. Information collected included: demographics; list of medical problems including vision and hearing; use of medications, vitamins, minerals, herbal remedies, meal supplements and alcohol; perceived health status; and quality of life using SF-20 (Ware Jr et al, 1992) ; doctor visits and hospitalizations in the past 6 months; dentition; swallowing problems; smoking; gastrointestinal problems; appetite, taste, and smell changes; specialized diets; activities of daily living (Fillenbaum, 1988) ; use of community services (eg, meals on wheels, home care, nursing, etc) and income.
Standardized techniques were used to collect: triceps and subscapular skinfolds, knee height, weight, mid-arm, wrist and calf circumferences; comparisons were made to accepted references (Master et al, 1960; Frisancho, 1990; Gibson, 1990; Hopkins, 1993) . For the geriatric clinic sample, all measures were completed by the research dietitian, excepting weight and height measured at the geriatrician's clinic. For the general community sample, trained research assistants collected these data. Inter-rater reliability of these assistants with the research dietitian was acceptable (arm circumference range intra-class correlation ( Dietary intake data were collected using 24-h recalls, the first in-person and two over the telephone (Payette et al, 1995) : one day collected was a weekend day. This methodology has been previously used successfully with seniors (Payette and Gray-Donald, 1991) . The multiple pass method (Tran et al, 2000; Conway et al, 2004 ) was used to ensure complete and accurate recall. Dietary data were entered into the computer nutrient analysis software by the same researcher who collected the data, to minimize translation errors. Nutribase 4.0 (Cybersoft.inc) using the 1997 Canadian Nutrient File as reference was used to analyze the dietary intake of participants.
Blood chemistry was available for the majority of geriatric clinic patients (n ¼ 44 prealbumin; n ¼ 50 C-reactive protein; n ¼ 57 hematocrit and hemoglobin). Blood work was completed by an independent laboratory (Medical Diagnostic Services) and reports were sent to the geriatrician. Data on absolute values and determination of whether or not the subject's value was 'within normal limits' for their age and gender were taken from the report.
Using clinical judgement and the collected anthropometric, dietary, biochemical and medical information, the research dietitian provided a probability rating on the participant's nutritional risk (eg at risk for malnutrition defined as absolute deficiency or excess of one or more essential nutrients (Jelliffe, 1966) ) using a standardized framework that was used for the validation of SCREEN I (Keller et al, 2001 ). This nutritional risk rating, which used a 10-point scale (1 ¼ low risk, 10 ¼ high risk), was the primary method used for construct validation of SCREEN II.
Study 2-test-retest reliability of SCREEN II
A total of 45 seniors from the community subsample (above) completed a second SCREEN II at their assessment appointment. This occurred within 2 weeks of the completion of the first administration, which was mailed with the demographic questionnaire prior to the appointment. An additional 100 seniors were specifically recruited from the community using displays at a recreation center, a mall and places of worship to complete test-retest reliability of SCREEN II and provide basic demographic information and health-related quality of life reports (SF-20). The first administration of SCREEN II and the demographic information were collected in the presence of the research assistant. Within 2 weeks, a second SCREEN II was mailed, completed and returned to the researchers. Participants were provided with gift certificates for their participation. These two groups were amalgamated to provide test-retest data on SCREEN II.
Study 3-inter-rater reliability Although most seniors can self-administer SCREEN II, there are some seniors, although cognitively competent, who benefit from interviewer administration of the index. These seniors tend to be frail and more readily confused by questionnaires, especially when multiple response options are available. The interviewer version of SCREEN II is exactly the same as the self-administered version, excepting detailed instructions for the interviewer. Inter-rater (n ¼ 69) and intrarater (n ¼ 28) reliability were assessed for telephone administration of SCREEN II. Seniors who required assistance from others to live independently in the community were the target for this administration. These seniors were recruited from meal, recreation and/or day programs in the Guelph area. Recruitment, study explanation and consent were completed in person. Appointments were made by the researchers for telephone administration of SCREEN II and a demographic and functional assessment questionnaire (seven basic and seven instrumental activities of daily living scored as: no help ¼ 2, some help ¼ 1, unable to do without help ¼ 0) (Fillenbaum, 1988) . A second telephone administration was completed by a second trained researcher. Training included practicing administration over the phone with volunteers and reviewing a 'Screening tips' guide that outlines the intention of each SCREEN II question and provided common probes that can be used.
Development of abbreviated SCREEN II
The abbreviated version of SCREEN II was developed using mixed methods; 21 dietitians with expertise in senior nutrition reviewed SCREEN II and ranked each item on its importance to the construct of nutritional risk. Those items that ranked highest were candidates for inclusion in the abbreviated version. Using the dietitian ranking (1-10) as the dependent variable, individual SCREEN II items were regressed to determine those most predictive of the risk rating. Based on these results, an abbreviated index was developed (see Appendix A). All aspects of the validation and reliability testing of SCREEN II underwent ethics review at the University of Guelph.
Statistical analyses
Basic descriptive analyses were completed for all samples and subgroups for comparison purposes on demographics, health and functional measures. Validity of SCREEN II and its abbreviated version (SCREEN II-AB) were determined by comparing the dietitian's risk rating to the index score. Using the median of the dietitian's risk rating as the cut-point for risk, Receiver operating characteristic (ROC) curves were created. Area under the curve (AUC) indicates that the measured variable is consistent with scoring of the criterion (risk/no risk); higher AUC indicates increased consistency (Streiner and Norman, 1996) . Appropriate cut-points on SCREEN II and SCREEN II-AB were identified by comparing trade-offs of sensitivity, specificity, positive and negative predictive values for various scores. Test-retest and intra-and inter-rater reliability of total and abbreviated SCREEN II were assessed by ICC of scores for the entire index and individual index items. SPSS 11.5 and SAS 8.2 were used for all analyses.
Results
Study 1
A total of 193 seniors completed the demographic and health questionnaires, the assessment appointment and the three, 24-h recalls. Descriptive information can be found in Table 2 . SCREEN II demonstrates a gradient with health acuity; those seniors recruited from the geriatrician's clinic had significantly higher dietitian risk rating (7.376.8 vs 5.771.5, t ¼ À8.0, P ¼ 0.000) and lower SCREEN II scores (45.977.0 vs 50.876.9, t ¼ 4.46, P ¼ 0.000) than seniors recruited from the community. Additionally, those who perceived their health to be excellent had significantly (F ¼ 12.2, P ¼ 0.000) higher SCREEN II scores than those who considered their health to be poor (53.774.3 vs 42.478.0, respectively). SCREEN II was significantly correlated with the dietitian nutritional risk rating (r ¼ À0.62, P ¼ 0.01). The ROC curve using the median dietitian risk rating (6.0 on scale of 1-10) indicated that SCREEN II was an adequate index for comparison to this criterion ( Figure 1 and Table 3 ). The AUC was 82% and a score less than 54 was considered a good cut-point with a sensitivity of 84%, specificity of 62%, positive predictive value of 85% and a negative predictive value of 61%. The eight-item abbreviated version of SCREEN II was also an adequate index when compared with the criterion. The AUC was 79% and a score less than 43 out of a possible 48 total had a sensitivity of 84%, specificity of 58%, positive predictive value of 83% and negative predictive value of 59%.
As dietitian services are typically limited in the community setting, a lower cut-point for SCREEN II was also desired to promote efficiency for identifying seniors who require further assessment and treatment by a qualified professional. A lower cut-point would result in fewer seniors potentially identified as 'at risk'. To determine this second cut-point the 'high-risk' (ranking 8-10) rating by the dietitian, which had considerably lower prevalence than the 'any risk' criterion (Table 1) , was used for comparison to SCREEN II scores (data not shown). Using this category as the criterion, the AUC was 82% and the best cutoff was o50 (s.e. ¼ 86%, SP ¼ 66%). A similar lower cut-point for the abbreviated version was also determined (score o38 s.e. ¼ 77%, SP ¼ 64% AUC ¼ 78%).
Study 2
This test-retest sample perceived their health to be better, reported fewer limitations in activities, and were younger than the validation sample ( Table 1 ). The total SCREEN II scores for test and retest in these 149 participants were significantly and highly correlated (ICC ¼ 0.83, 95% CI (0.75, 0.88)). The test-retest reliability of the abbreviated SCREEN II is similar (ICC ¼ 0.84, 95% CI (0.79, 0.89)).
Study 3
This study group was predominately female and widowed, and as compared to the other two study groups, was older and had higher proportions requiring help with activities of daily living (Table 1) . This group had a similar median score Note: Risk for an individual item on SCREEN II is identified as an item score r2. Study 1 was the validation study (n ¼ 193), Study 2 the test-retest self-administration (n ¼ 149) and Study 3 the inter/intra-rater reliability for interview administration (n ¼ 97). Proportions of participants reporting 'risk' for individual SCREEN II items are presented by study. Median values for SCREEN II with 95% confidence intervals (of the mean) are also presented by study. *F þ V ¼ fruits and vegetables; MA ¼ meat and alternatives; MP ¼ Meat and Protein.
for SCREEN II, although higher proportions had a poor appetite and unintentional weight change, as compared to the other study groups. Intraclass correlations indicate that inter-rater (ICC ¼ 0.83, 95% CI 0.74, 0.89) and intra-rater reliability (ICC ¼ 0.90, 95% CI 0.80, 0.95) were adequate for the full index. Abbreviated SCREEN II had slightly lower reliability (ICC ¼ 0.79 inter-rater, ICC ¼ 0.85 intra-rater). Individual SCREEN II items were compared for test-retest and inter/intra-rater reliability. Although there was a range of ICC based on these analyses, there was no consistency among the three types of reliability testing for items with low correlations (ICCo0.5), suggesting that no specific items warranted removal or rewriting.
Discussion
Based on the dietitian rankings for the validation sample, nutritional risk based on a detailed nutritional assessment and clinical judgement is prevalent in community-living seniors. This prevalence has been noted by several others (Sharkey and Schoenberg, 2002; Johnson, 2003; Ledikwe et al, 2003) , with similar gradients found with health and functional abilities (Bailey et al, 2004; Hickson & Frost, 2004; Sharkey et al, 2004) as found in this study. Valid indexes that measure nutritional risk can be useful for purposes outside of research. SCREEN has also been used for needs assessment (Hedley et al, 2002) , identifying the goals of a communitybased nutrition education program, to evaluate this program (Keller et al, 2005) , and in community-based screening programs for determination of those who require service or resources (Keller et al, Submitted) . Specifically, the feasibility of screening in the community using SCREEN I has been studied and the index has been identified to be relevant to seniors (Keller et al, Submitted) and requires minimal training of screen administrators (Dietitians of Canada, 2003) . As the movement towards healthy aging and prevention continues (Rowe & Kahn, 1999) , there will be continued interest in screening as a means for identifying and promoting changes in behavior (Green & McAlister, 1984; Kreuter & Strecher, 1996) . It is important to identify that a screening process needs to be 'ethical'; seniors who complete screening and are identified as being 'at risk' must be provided with options for service referrals, treatment and education. The Bringing Nutrition Screening to Seniors in Canada website (www. dietitians.ca/seniors) provides an extensive Implementation Guide that will assist service providers and health professionals interested in nutrition risk screening to develop ethical/community action plans. These plans will help these screen administrators identify appropriate resources to match the needs of seniors identified to be 'at risk' (eg, for those with swallowing difficulties, referral to a speech language pathologist would be appropriate) in their community/network. It is apparent from the current results that SCREEN II has higher sensitivity, specificity and reliability than SCREEN I (o50 cut-point s.e. ¼ 94%, SP ¼ 32% AUC ¼ 78% ICC ¼ 0.57 test-retest) (Keller et al, 2001) . Additionally, inter/intra-rater reliability were never established for SCREEN I. Other commonly used nutrition risk indices include the Nutrition Screening Initiative DETERMINE Checklist and the Mini Nutritional Assessment (MNA). The experience with DETER-MINE, demonstrates the practically of a self-administered index; however, DETERMINE has been criticized for its lack of validity and use for purposes outside of nutrition 'awareness' (Rush, 1993; Sayhoun et al, 1997) . This experience has also demonstrated the need for clear ethical screening processes so that seniors are not alarmed by screening results. The MNA has undergone significant development and validation and is a very good index that standardizes a nutritional assessment. A screening version is also available. The MNA has been used successfully in settings where a health professional is available to conduct anthropometric measures used on the index. In addition to requiring a trained interviewer to complete the index, a significant limitation is the content of some questions; many of the questions are focused on risk factors specific to a more 'frail' population (eg, occurrence of bed sores, self-feeding difficulty). SCREEN fills the gap of a valid, self-administered index that can be used to identify grades of risk in more 'well' seniors where prevention through nutrition education may be appropriate.
Screening indices can have multiple purposes, including needs assessment, resource provision and priorization of potential clients. Different cut-points for determination of nutritional risk may be useful for these diverse purposes. The primary criterion selected for this validation analysis was the median of the dietitian's rating (rank of 6 or greater on the rating scale), which can be equated to 'any risk'. This established a cut-point that may result in a higher prevalence of risk than is desired, especially for triaging clients to limited resources such as community dietitians. To promote efficiency in a screening program where the primary aim is to identify seniors who require further assessment and treatment by a dietitian or other qualified professional, a second and lower cut-off with adequate sensitivity and specificity is needed. It is recommended that the cut-off of o54 be used for health promotion and nutrition education efforts but the lower cut-point of o50 be used for a screening process, which results in referrals to registered dietitians or physicians for further assessment and treatment. Further, practitioners may decide to tailor cut-off points to their own setting and use an even lower cut-point to further increase specificity (Table 3 ) of those screened 'at risk'.
Nutrition risk screening has the potential to change eating behaviour of seniors. Previous research has identified that seniors believe nutrition to be an important aspect of their health and that nutrition risk screening is useful for increasing their awareness (Keller et al, Submitted) . Others have found that the majority of seniors who complete health risk assessments want to change their behavior (Breslow et al, 1997; Rowe & Kahn, 1999) . As self-completed indices may have the greatest potential for use in these health promotion efforts (Breslow et al, 1997) , it is important to have a valid and reliable nutrition risk screening tool for communityliving seniors (Rush, 1997; Holmes, 2000) . To enhance validity and reliability of SCREEN II for interview administration, a toolkit with instructional material for screen administrators is available. Now with a valid and reliable SCREEN II in place, focus is needed on developing and implementing screening programs that will promote improvements in the nutritional health of seniors.
